Abstract: Prompt HIV diagnosis decreases the risk of HIV transmission and improves health outcomes. The study objective was to examine rates of delayed HIV diagnosis among non-Latino Black Caribbean immigrants in Florida. The sample included 39,008 Black HIV-positive individuals, aged 13 or older from the Caribbean and the mainland U.S. Delayed HIV diagnosis was defined as AIDS diagnosis within three months of HIV diagnosis. After adjusting for demographic factors, year of HIV diagnosis, transmission mode, neighborhood level socioeconomic status, and rural-urban residence, a disparity persisted for Caribbean-born Blacks in the Bahamas and Haiti compared with U.S.-born Blacks. Male Jamaican-Bahamian-Haitian-born Blacks were more likely to have delayed diagnosis (aOR 2.17, 95% confidence interval [CI] 1.53-3.03; aOR 1.88, 95% CI 1.01-3.44; aOR 1.58, 95%CI 1.58). Findings suggest the need for targeted, culturally relevant interventions to reduce delayed diagnosis incidence among specific Caribbean-born Blacks.
Prisoners who were diagnosed at a prison facility were excluded because they are not necessarily representative of the ZIP code area they reside in, and may not be influenced by neighborhood characteristics.
Individual-level characteristics. Individual-level variables available in the eHARS dataset for cases included residential ZIP code and county at time of HIV diagnosis and AIDS diagnosis (if applicable); month and year of HIV diagnosis and AIDS diagnosis (if applicable); country of birth; age at HIV diagnosis; sex; race/ ethnicity; HIV transmission mode; and whether the diagnosis occurred at a correctional facility. AIDS case definition was met if the person's medical record indicated the development of an AIDS-defining illness, a CD4 lymphocyte count <200 cells/ μL, or CD4% of total lymphocytes <14. 8 People were classified as being born in the United States if they were born in mainland U.S., Hawaii, Alaska, or Guam. Puerto Ricans were not included in the analysis due to the exclusion criterion concerning Spanish-speaking individuals, and Black individuals from the U.S. Virgin Islands were included as part of the Caribbean-born Black sample. [9] [10] [11] Individuals with a reported mode of transmission of men who have sex with men (MSM) combined with injection drug use (IDU) were grouped with whose reported mode of transmission was IDU only, because between the two risk categories, IDU presents higher risk than MSM.
Delayed HIV diagnosis was defined as an AIDS diagnosis within three months of an HIV diagnosis. Other studies have variously defined a delayed diagnosis as a time period of one, three, or 12 months between HIV and AIDS diagnosis. 12 A three-month time frame was chosen for this study to allow sufficient time for people with positive HIV screening tests to obtain clinical follow-up and to be consistent with the recommendation of the National HIV/ AIDS Strategy to have people linked to care within three months of initial diagnosis. 13 Neighborhood-level characteristics. Thirteen neighborhood-level socioeconomic status (SES) indicators were extracted from the 2009-2013 American Community Survey (ACS) to develop an SES index of Florida neighborhoods ZIP code tabulation areas (ZCTAs): 14 proportion of households without access to a car, proportion of households with one or more individuals per room, proportion of population living below the poverty line, proportion of owner-occupied homes worth $300,000 or more, median household income in 2013, proportion of households with annual income less than $15,000, proportion of households with annual income of $150,000 or more, income disparity (derived from proportion of households with annual income less than $10,000 and proportion of households with annual income of $50,000 or more), proportion of population age 25 years or older with less than a 12th grade education, proportion of population age 25 years or older with a graduate professional degree, proportion of households living in rented housing, proportion of population age 16 years or older who were unemployed, and proportion of population age 16 years or older employed in high working class occupation (ACS occupation group: managerial, business, science, and arts occupations). Income disparity was calculated as the logarithm of 100 times the proportion of households with annual income less than $10,000 divided by the proportion of households with annual income of $50,000 or more and was used as a proxy for the Gini-coefficient. 14, 15 All neighborhood-level indicators were coded so that higher scores corresponded with higher SES; they were standardized.
To calculate the SES index, we started by conducting a reliability analysis. The Cronbach's alpha for all 13 indicators was 0.93. We selected seven indicators based on the correlation of the indicator with the total index (high correlation) and the Cronbach's alpha if the item was deleted (low alpha). The seven indicators selected were: proportion below poverty, median household income, proportion of households with annual income of less than $15,000, proportion of households with annual income of $150,000 or more, income disparity, proportion of population age 25 years or older with less than a 12th grade education, and high working class occupation (as defined previously). The resulting Cronbach's alpha increased (0.94).
Second, we conducted a principal component analysis with and without varimax rotation, which revealed one factor with an eigenvalue greater than 1 (5.14). This factor accounted for 73.5% of the variance in the indicators. Because all the factor loadings were high (between 0.80 and 0.93), we retained all seven indicators. Finally, we added the standardized scores for the seven variables and categorized the scores into quartiles.
To categorize ZIP code tabulation areas (ZCTA) into rural or urban, we used Categorization C of Version 2.0 of the Rural-Urban Commuting Area (RUCA) codes, developed by the University of Washington WWAMI Rural Research Center.
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Analytic plan. Individual-and neighborhood-level data were merged by matching the ZIP code at time of HIV diagnosis of each case with the ZIP code's corresponding ZCTA. First, we compared individual-and neighborhood-level characteristics by country of birth. We used the Cochran-Mantel-Haenszel general association statistic for individual-level variables controlling for ZCTA, and the chi-square test for neighborhood-level variables. Multi-level (Level 1: individual; Level 2: neighborhood) logistic regression modeling was used to account for correlation among cases living in the same neighborhood. Crude and adjusted odds ratios and 95% confidence intervals for delayed diagnosis were calculated comparing cases by country of birth. To identify unique predictors of delayed diagnosis for each group, separate models were estimated stratifying by country of birth. Odds ratios were adjusted for year of HIV diagnosis, sex at birth, age, mode of transmission, neighborhood socioeconomic status, and rural/ urban status. SAS software, version 9.4 was used to conduct analyses. 17 The study was reviewed and approved by a local institutional review board, and the Florida Department of Health designated this study as non-human subjects research.
Results
Demographic factors. In Florida, there were 45,484 new HIV infections between 2000-2014 among U.S.-born Blacks and foreign-born non-Latino Blacks born in non-Spanish-speaking Caribbean countries. A total of 39,008 cases met the inclusion criteria. Table 1 compares the characteristics of Caribbean-born Blacks with those of U.S.-born Blacks in South Florida. Caribbean-born Blacks were 18.8% of the study population, with the largest groups originating from Haiti (14.8%) and Jamaica (2.3%). Bahamas, U.S. Virgin Islands, and Trinidad and Tobago each represented less than 1% of the study sample. The "Other" groups included non-Spanish-speaking Caribbean countries with 50 or fewer individuals and included the countries Guyana, Turks and Caicos, Barbados, St. Lucia, Dominica, Antigua and Barbuda, Grenada, St. Vincent and For all groups, the proportion of late-diagnosis HIV cases during the last time period (2010-2014) was lower relative to the earlier time periods (Table 1) . With the exception of Bahamian-born individuals, men represented the majority of those diagnosed for all groups, but the largest proportion of men was among people born in the U.S. Virgin Islands (77.2%). The U.S., Bahamian, and U.S. Virgin Island-born groups had a younger age distribution relative to the other groups. Men having sex with men was the most common mode of transmission in the U.S. Virgin Island group. In all other groups, heterosexual transmission was the most commonly reported mode of transmission with the percentage ranging from 47.4% among the Trinidadian and Tobagonian group to 71.1% of the Haitian-born group. The proportion of people diagnosed with HIV who had a delayed HIV diagnosis was highest among those born in the U.S. Virgin Islands (39.6%), followed by Bahamians (39.3%), Haitians (38.6%), "Others" (37.5%), Jamaicans (33.3%), and Trinidadians and Tobagonians (32.6%). For Jamaicans, Haitians and Others, the percentage of delayed diagnosis was highest among the group 40-59 years of age (49.0%, 44.1% and 49.4%). Delayed diagnosis was lowest for U.S.-born Blacks (29.9%).
The largest percentage of people living in the lowest socioeconomic status neighborhoods was among U.S.-born Blacks (59.3%) and Haitians (56.3%). The largest percentage of rural diagnoses was among the U.S.-born Blacks (3.2%).
Multivariate analysis. With the exception of individuals from Trinidad and Tobago, all others had significantly higher crude odds ratios (OR) for delayed HIV diagnosis relative to U.S.-born Blacks (Table 2 , model 1). After adjusting for individual-level and neighborhood-level variables, the Bahamian-and Haitian-born groups were more likely than the U.S.-born group to have a delayed HIV diagnosis (adjusted OR [aOR] 1.66, 95%CI 1.31-2.11; aOR 1.29, 95%CI 2.21-1.38) ( Table 2 , models 2 and 3). Based on previous findings in the literature of gender differences, we tested the interaction between country of birth and gender in delayed diagnosis. 13, 18, 19 The interaction was significant. Therefore, the sample was stratified by gender. Post-hoc stratification revealed that for both men and women born in Bahamas and Haiti, the aORs were higher than their U.S.-born counterparts (Bahamian men aOR 1.76, 95%CI 1.27-2.48; Bahamian women aOR 1.49, 95% CI 1.07-2.09; Haitian men aOR 1.40, 95%CI 1.29-1.54; Haitian women aOR 1.12, 95%CI 1.03-1.25) ( Table 3) .
The within-group analysis in Table 4 highlighted the differences in factors contributing to delayed diagnosis for Caribbean-and U.S.-born Blacks. When stratifying by country of birth, the aOR for delayed diagnosis was associated with year of HIV diagnosis for U.S. In each group, men were more likely to have a delayed diagnosis than women, and the strength of association was greater for Jamaicans than the U.S.-born. Among Haitians, delayed diagnosis was significantly related to higher neighborhood socioeconomic levels, but there was no association for any other group. There was no statistically significant association between rural/ urban status and delayed diagnosis in any of the Black Caribbean groups. However, rural residence was associated with delayed diagnosis among U.S.-born Blacks (aOR 1.31, 95%CI 1.14-1.52).
Discussion
This study produced three key results pertinent to HIV delayed diagnosis among Caribbean immigrants in South Florida. Firstly, with the exception of Trinidad and Tobago, compared with U.S.-born Blacks, all Caribbean immigrant groups were more likely to have a delayed diagnosis. The disparity persisted for Bahamian and Haitian immigrants after adjustment for individual-and neighborhood-level variables. Secondly, men overall, were more likely than women to have a delayed diagnosis, and the disparity was greatest for men born in Jamaica. Finally, apart from lower neighborhood socioeconomic status being protective for Haitian immigrants, neighborhood socioeconomic levels were not associated with delayed diagnosis in the other Caribbean immigrant groups.
High rates of delayed diagnosis for both Caribbean and U.S.-born Blacks may be due to structural racism and discrimination, fear of knowing HIV test result, and pervasive health disparities that impede access to primary care for racial minorities in the U.S. 20 There was a temporal improvement for U.S.-born Blacks, but no differences for Caribbean-born Blacks, suggesting that overall HIV screening appears to have improved for U.S.-born Blacks, but not for any other groups.
For those from the Caribbean, there are additional factors such as immigration status and acculturation stressors that may lead to delayed diagnosis. Bahamians and Haitians, who are historically marginalized populations in South Florida, and have less favorable indicators compared with other immigrant groups, 21 were the two groups that had persistently elevated odds ratios for delayed diagnosis. Unexpectedly, Bahamianborn Blacks who do not have the same language barrier, fared only slightly better than Creole/ French speaking Haitian-born Blacks.
Economic disparity has been related to delayed diagnosis, 22 but there were unexpected results for the Haitian HIV-infected, as the role of neighborhood socioeconomic status had an inverse relationship with delayed diagnosis. Haitian immigrants in the two lower SES strata were less likely to have delayed HIV diagnosis. Potential reasons for this may be related to the strong social network that exists in Haitian immigrant enclaves in South Florida. Haitians are the largest Caribbean immigrant group in South Florida and have strong social networks in Little Haiti and other Miami environs, which typically have lower neighborhood SES. 23 Little Haiti in particular is undergoing revitalization, with Table 4 ADJUSTED a number of community-based organizations serving in the community. 24 These social networks might facilitate access to care, and allow for more routine testing through CBOs and other alternative community health care settings. 25 Haitian-born immigrants in the two highest SES groups, who may not necessarily be part of the Haitian immigrant enclaves in South Florida, constituted approximately 15% of the study population, and it is possible that the smaller number of cases in higher SES neighborhoods limited our ability to find an association in the more complex, multivariate models.
ODDS RATIOS AND 95% CONFIDENCE INTERVALS FOR DELAYED HIV DIAGNOSIS BY SELECTED CHARACTERISTICS, STRATIFIED BY COUNTRY/ REGION OF BIRTH, FOR DELAYED HIV DIAGNOSIS AMONG BLACK U.S. CARIBBEAN-BORN NON-LATINOS AGED 13 YEARS AND OLDER
Compared with women, men consistently, across all groups including U.S.-born Blacks, were more likely to have delayed HIV diagnosis, and the association appeared to be strongest for Jamaican men (Table 4) . Therefore, while U.S.-born Black men are being diagnosed later, the gender disparity was even greater for Jamaican men, possibly reducing their odds of survival or, successful management of the disease. With the exception of Bahamians, delayed diagnosis increased as age at diagnosis increased for all groups, including U.S.-born Blacks. However for older individuals, we do not know to what extent the difference is attributed to late screening or faster progression of the disease. 26 The phenomenon of delayed diagnosis among older individuals and men is not unique for Caribbean immigrants and U.S.-born Blacks, but is also seen in other populations in the U.S., Australia, Asia, and Europe. 13, 18, 19, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] Delayed diagnosis was not associated with rural/ urban status, or mode of transmission. The lack of variance in rural/ urban status, and the smaller sample sizes for Caribbean countries, may not have allowed for differences to be detected in multivariate analysis. The majority of Caribbean immigrants (≥96%) resided in urban areas. Despite non-significant findings, the trend was for IDU to be associated with increased risk for delayed diagnosis among Bahamian, Haitian, and Jamaican immigrants.
Although this study identified a problem with delayed HIV diagnosis for some Caribbean immigrant groups, a deeper comprehensive analysis is needed to understand the complexity of the problem. Cultural considerations can influence perceived risk among Caribbean immigrants and may reinforce HIV testing avoidant behavior. 38 Pre-existing cultural norms from countries of birth that reinforce stigmatization of HIV-infected individuals can inhibit HIV testing behavior. 39 Language, which is not necessarily indicative of acculturation in strong immigrant enclaves, should also be evaluated, because it can be challenging for non-English speakers, such as Haitians, to secure employment or access social services, which can inhibit HIV testing behavior. 40 Primary data collection on additional demographic factors and social determinants is needed to examine reasons for more delayed HIV diagnosis among Haitians and Bahamians, and gender differences in HIV risk perception that might explain more delayed diagnosis among men. Qualitative methods are also important to capture contextual and explanatory variables for delayed diagnosis among Caribbean immigrants. A final recommendation for future analysis is to use Latino immigrants as an additional reference group to determine if probabilities for delayed HIV screening for Caribbean Black immigrants will differ from Latino immigrants, and if those differences can be attributed in part to varying immigration experiences.
There is a possibility that cases in the study were previously diagnosed in their country of birth and are not true delayed HIV-diagnosis cases. A policy change implemented at the end of 2009 eliminated the requirement of mandatory HIV reporting for all foreign-born immigrants to the United States, 41, 42 and cases diagnosed after 2009 may have been misclassified as delayed diagnosis. A sensitivity analysis exploring delayed diagnosis pre-and post-2009 to assess the potential impact of the policy change on the findings was unsuccessful, as dividing the population decreased the sample size for Caribbean-born immigrants to an extent that the statistical models became unstable.
The analysis could not account for the role of acculturation and migratory patterns of immigrants who may travel frequently to their countries of birth; nor could it account for second-generation immigrants, or U.S.-born Blacks who were ethnically non-Latino Caribbean immigrants.
Conclusion. The study is consistent with the priorities of the National HIV/ AIDS strategy to target all points on the HIV care continuum in at-risk populations. 42 Compared with U.S.-born Blacks, HIV-positive Bahamians and Haitians presented as the two groups with higher likelihoods for delayed HIV diagnosis; additionally, men had higher odds than women for delayed diagnosis; and finally older individuals were more likely to be diagnosed late. Results yielded from this study provide justification for targeting Caribbean immigrants, particularly Bahamians, Haitians, and Jamaicans, for promotion of routine HIV counseling and screening. The results also highlighted the potential role of cultural differences among Caribbean immigrants by country of birth, reinforcing the need for culturally tailored interventions to improve HIV testing rates for this population. This study suggests that race may not be the primary predictor of disparity in HIV screening and care, and that culture and social norms may have a greater role.
Additional recommendations include using longitudinal methods to evaluate if the risk of delayed diagnosis changes over time, or if U.S. acculturation influences rates of access to routine care and HIV testing. In other immigrant populations, acculturation has been shown to have either a protective role or to increase risk, depending on other contextual factors such as the socio-political environment of the host societies. 43 In immigrant enclaves such as those that exist in South Florida for Haitian and Cuban immigrants, 44 stronger social networks are developed as these communities receive more immigrants from one or two dominant sending countries. The social networks in the enclaves can be protective, as can be speculated in this study for Haitian immigrants. 45 In other communities, with less social support for immigrants, high-risk sexual behavior has been seen as a coping mechanism for acculturative stress. 46 High-risk sexual behavior combined with less health care access can exacerbate these immigrant populations' vulnerability for delayed diagnosis. Additionally, immigration policy and the culture of enforcement of immigration laws, can also affect the behavior of undocumented Black Caribbean immigrants. Undocumented immigrants may have a fear of deportation, which can be associated with lower rates of routine health care, 47 including HIV screening.
Immigration rates from the Caribbean region are consistently increasing in the U.S. and in South Florida, which is one of the epicenters of the U.S. HIV epidemic. 2 The findings presented here are consistent with other research that has found delayed HIV-diagnosis to be more prevalent among immigrants, men, and those who were older age at time of diagnosis. 39 Prevention efforts are important for this community of foreign-born Black Caribbean immigrants, especially Haitians and Bahamians; however, equally important is routine HIV screening and early diagnosis. Additional studies are needed to determine which specific barriers and facilitators exist in each group, so that targeted culturally responsive interventions can be developed.
